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**A**s previously described, in a recent case report, the tongue, mandible and hyoid bone together constitute a single system.^[@ref1]^ This may be seen by considering the functional interactions between these elements. For example, it has been shown that exercises with the lingual musculature,^[@ref2]^ as well as the use of devices for the correct repositioning of the tongue, ^[@ref3]^ have a positive effect on the hypertonicity of the levator muscles of the jaw. Therefore, they can have benefits on the symptoms of temporomandibular joint (TMJ) dysfunction. The tongue-mandible-hyoid (TMH) system also plays a key role in the vital function of swallowing, therefore also assisting all mandibular movements,^[@ref1]^ such as chewing and phonation. Embryologically, they derive from the cartilages of the II pharyngeal arch (innervation from the VII cranial nerve), both the styloid apophysis of the temporal and the small horn of the hyoid bone, together with the styloid ligament. There are three main muscles, which insert into the styloid apophysis of the temporal bone. Their names, origin as well as innervation and action are shown below in [Table 1](#table001){ref-type="table"}. The three muscles, together with the two ligaments (stylomandibular and stylohyoid), constitute the \"Riolano bouchet\".^[@ref4]^ They are linked both functionally and anatomically. In the functional manner, they contribute with the other muscles and ligamentous structures of the TMH System to the mandibular movements. These include phonation, and mastication and the vital function of swallowing. Anatomically, the stylohyoid muscle divides into two parts, creating an ostium through which the intermediate tendon of the digastric muscle passes (muscle that inserts precisely into the digastric dimple of the jaw). This creates a functional syncytium: an interdependence that further links the styloid apophysis, hyoid bone and mandible.^[@ref5]^ It can be thus hypothesized that these three muscles and the two ligaments (constituting the "Riolano bouchet"), which connect the styloid apophysis of the temporal bone to the tongue, to the mandible, to the hyoid bone and to the pharynx, are fundamental for the biomechanical stabilization of swallowing. This action occurs through a fulcrum arrangement, where there is a fixed point on the skull bilaterally, as the mandible and hyoid bone are suspended skeletal segments put in a parallel way. Therefore, the styloid apophysis of the temporal bone, with the "Riolano bouchet", can be considered an integral part of the TMH system, which may also be described using an extended definition of the temporal-mandible-tongue-hyoid (TMTH) System

###### 

Origin, action and innervation of the three main muscles which insert into the stylohyoid apophysis.

  Muscle                Embryological Origin                                                                      Innervation and Action
  --------------------- ----------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------
  **Stylohyoid**        **Migration of cells from the sixth somitomere to the pharyngeal arc II.**                **Innervation by the VII pair of cranial nerves, with action of elevation of the bone hyoid in swallowing.**
  **Stylopharyngeal**   **Migration of cells from the seventh cranial somitomer to the third pharyngeal arch.**   **Innervation from the IX pair of cranial nerves, with elevation of the pharynx.**
  **Styloglossus**      **Derived from the occipital somites.**                                                   **Innervation from the XII pair of cranial nerves, with the action on the tongue of elevation and posterior movement.**

The clinical observation of patients with mixed symptoms,^[@ref6]^ and with Costen,^[@ref7]^ and Eagle syndrome,^[@ref8]^ led to a diagnostic imaging protocol, which included both magnetic resonance imaging (MRI) of the TMJ and the computerized tomography (CT) images of the styloid apophysis.^[@ref9]^ This protocol demonstrated, in all the cases considered, a close correlation between the affected side and an increased length of the apophysis (with or without calcification of the styloid ligament) and with anterior dislocation of the articular disc of the TMJ.^[@ref10]^ The aims of this study were to describe how a case involving a variety of symptoms, characteristics of TMJ disorders, prevalent in one side, are linked to an increased length of the apophysis and with anterior dislocation of the articular disc of the TMJ of the same side concerned. This work has led to the proposal of a \"TMTH System Syndrome\", including signs and symptoms common to Costen Syndrome^[@ref7]^ and to Eagle Syndrome.^[@ref8],[@ref11]^

Case Report {#sec1-1}
===========

The patient was a 57-year-old woman who reported to have had anterior and posterior ear pain and tinnitus all in the right side. The patient also reported having difficulty chewing hard foods with dysphagia of solid and liquid foods. The subject had subjective vertigo and cervical ROM limitation. The symptoms had progressively worsened in last 5 years, in terms of intensity and frequency. The clinical examination showed: pain on palpation of the lateral region of the neck bilaterally, of the masseter muscle and of the greater pterygoid muscle on the right side. It also showed left mandibular deviation in opening with sign of the \"right click\", with hypomobility of the hyoid bone in swallowing. In addition, there was a positive test for a morphologically anomalous styloid apophysis. The patient had various therapies: he had used non-steroidal anti-inflammatory drugs (NSAIDs) before examination and had no other pathologies. Magnetic resonance imaging (MRI) showed an anterior right dislocation of the TMJ articular disc ([Figure 1](#fig001){ref-type="fig"}). The computed axial tomography (CAT) instead shows an elongated right styloid apophysis of 4.4 cm, ([Figure 2](#fig002){ref-type="fig"}).^[@ref11]^

![MRI, TMJ coronal scan T2W mouth closed: asymmetry (white circle in the left figure) of position of the condyles in relation to the right to anterior internal dislocation of the articular disc, with reduction of the upper-posterior TMJ joint space.](ejtm-30-1-8808-g001){#fig001}

![Left panel: Massive facial CT: alteration of the right styloid apophysis approximately 4.4 cm with asymmetry between the right and left styloid apophysis (white line in the figure) and calcification (white circle in the figure) of the styloid ligament insertion; Right panel: Massive facial CT scan, MPR2D reconstruction in the sagittal plane with elongation of right styloid apophysis (white line in the figure)](ejtm-30-1-8808-g002){#fig002}

Discussion {#sec1-2}
==========

Recent studies have shown,^[@ref12]^ that the symptoms of styloid process elongation may overlap with clinical manifestations of temporomandibular joint disorders explainable through muscle, tendon and nerve connections with the tongue, mandible and hyoid bone. Temporomandibular disorders (TMDs) are musculoskeletal pain conditions characterized by pain in the temporomandibular joint (TMJ) and/or mastication muscles. Patients with TMDs are frequently affected by otorhinolaryngological symptoms, but also TMJ disorders can cause impaired mobility of the cervical tract^[@ref13]^. In our case report, the patient described these symptoms, most of which are almost exclusively unilateral, including the presence of tinnitus. In particular, for the latter, there is still a debate in the scientific community on the relationship between tinnitus and TMD. A possible explanation could be found in ontogenetic development and in the mechanical and neuronal connections of the masticatory system and the middle ear. Furthermore, a potential role of TMDs in the onset of tinnitus is suggested by the fact that the treatment of TMDs can successfully alleviate or treat these symptoms.^[@ref14]^ The presence of tinnitus can also influence other functions such as postural control, auditory perception, and impeded balance.^[@ref15]^ Subjects had altered stabilometry and baropodometry parameters, compared to the reference values of the standard population, which have been described in a later paper by Patti and colleagues in 2018.^[@ref16]^ It is therefore essential to understand the origin and treatment of tinnitus to improve the quality of life for patients. In our case report, a correlation was found between the right symptomatic side (with TMJ symptoms described by the patient and evaluated at the clinical examination), with an abnormal length right styloid apophysis of 4.4 cm compared with the normal reference values.^[@ref11]^ The normal styloid process measures are between 2.5 and 3 cm.^[@ref11]^ Furthermore, dislocation of the TMJ joint disc of the same side was also shown. Our data confirm what has been described in the literature: associating the main dysfunctional symptoms of the temporomandibular joint to those of Eagle syndrome, which depends on the abnormal length of the styloid, such as an aspecific pain of neck and pharynx, odynophagia, otalgia, pain in the trismus.^[@ref17]^ This dysfunction would also seem to have greater prevalence in women,^[@ref18],[@ref19]^ as in our case, and furthermore there seems to be a little correlation between the length styloid process and the severity of symptoms^[@ref20]^. To date, computed tomography is considered the best examination to define the length of the styloid process.^[@ref21]^.

In this case-study, we outlined the complexity of the muscles that connect to the tongue, jaw and hyoid bone and then described the temporal-mandible-tongue-hyoid (THTH) system. The muscles and ligaments that interconnect the tongue, jaw, hyoid and styloid hypophysis of the temporal bone form a biomechanical system that acts synergistically to produce important functions such as swallowing. The study presented in details a patient who had tinnitus, difficulty in chewing, dysphagia, vertigo and cervical ROM limitation. There was also pain in the neck muscle region, mandibular deviation and hyoid hypomobility during swallowing. The patient also had an abnormal morphology of the styloid apophysis. We argue that this case was similar to that of Eagle's Syndrome; and that a potential underlying driver of this condition is an abnormally elongated styloid process. The TMTH syndrome is defined on the basis of common elements between Eagle's and Costen's Syndrome. Because of this case report, we argue that in the clinical diagnostic phase of patients with TMJ disorders, it is advisable to check the possible presence of morphological alteration of the styloid apophysis, and/or the possible calcification of the stylohyoid ligament. In the therapeutic phase,^[@ref2]^ the muscle tone of the TMJ muscles must be considered together with the normal function of the lingual muscles in swallowing.^[@ref22]^ Furthermore, an evaluation of the physiological mobility of the hyoid bone should also be performed, considering a prerequisite the presence of asymmetry of muscle tone. The signs and symptoms manifested by anterior dislocation of the articular disc of the TMJ are related to an abnormal length of the styloid process of the same side affected by the disorders. We define this a temporal-mandible-tongue-hyoid (THTH) Syndrome.
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